than those of the endophytic diazotrophic bacteria. Uncultured bacteria were found dominantly in both bacterial communities, while higher generic varieties were observed in the endophytic diazotrophic bacterial community. These differences in bacterial communities might be influenced either by genetic variation in the rice landraces or the rice cultivation system, where the nitrogen input affects the endophytic diazotrophic bacterial community.
Introduction
Rice landraces or local rice cultivars are often named locally and distinguished individually on the basis of their morphologies, geographies, or ecologies (Bandara et al. 2006; Bonman et al. 1992; Pusadee et al. 2009 ). Among a total 120 rice varieties, 90 % are the local cultivars grown annually in deep water rice areas (Oupkaew et al. 2011; Sommut 2003) . In supplementary farming conditions, the rice landraces usually produce lower yields compared to the modern high-yield varieties, but their products are still sufficient for household consumption. Although the majority of locally cultivated rice landraces are cultivated by traditional or natural rice farming without any chemical inputs and pest controls, they have been able to produce reasonable yields year by year (Oupkaew et al. 2011; Parzies et al. 2004; Purnomo et al. 2005) . This traditional cultivation of the rice landraces requires both specific farming practices and unique local conditions (Chakhonkaen et al. 2012; Oupkaew et al. 2011; Saito et al. 2006) . Investigations have revealed that genetic diversity of the rice landraces is one of the reasons, which enable their evolutionary adaptation and selection to those traditional practices and farming systems (McCouch 2004) . Pusadee et al. (2009) reported that the genetic diversity of a landrace rice cultivar Bue Chomee grown in the villages of the highland Karen people in northern Thailand is explained with the isolation by distance model. The significant differences of genetic structure either in a single field or across fields of different villages of this rice cultivar support its genetic variation. Moreover, the authors also found that the gene flow of this rice cultivar is due to the farmers' seed sharing network. The rice landraces are not only a valuable resource for farmers who, for economic or ecological reasons, do not have access to modern, improved varieties, but also for future improvement by plant breeding. However, in addition to the sustainability of traditional rice production systems, these genetically diverse rice landraces may also have benefited from microbes associated with them.
In traditional farming systems, where fertilizers and pesticides are rarely used, the plant-associated microorganisms can play important roles in nutrients cycling and preventing attacks by phytopathogens. In general, the plant-microbe interactions may take place at the rhizosphere and/or within the plant tissues. The microorganisms that have lived for one period of their life cycle within the plant tissues without causing apparent symptoms in the host plant may be considered as microbial endophytes (Azevedo et al. 2000; Bandara et al. 2006; Kaga et al. 2009; Mano and Morisaki 2008; Loaces et al. 2011) . The different in planta roles of the microbial endophytes so far described such as nitrogen fixation (Wartiainen et al. 2008; Prakamhang et al. 2009 ), production of phytohormones (Arun et al. 2012; Feng et al. 2006) , production of ACC-deaminase to reduce the level of ethylene (Tittabutr et al. 2008; Jha et al. 2012) , and siderophore production (Loaces et al. 2011) .
There are many reports demonstrated that several endophytic bacteria are living in plant tissues of rice such as Bukholderia, Herbaspirillum, Rhizobium, Methylobacterium, and Bacillus in root (Mano et al. 2007; Verma et al. 2004) , Azospirillum and Herbaspirillum in stem (Koomnok et al. 2007; Mano and Morisaki 2008) , and Pantoea, Bacillus, and Sphingomonas in seed (Kaga et al. 2009; Mano and Morisaki 2008; Mano et al. 2007 ). Some of these are diazotrophic bacteria, which are able to fix atmospheric nitrogen and to transform it to ammonium (NH 4 +) that are further to amino acid that required for growth and reproduction of rice. Recently, an evidence suggested that rice's genotypes and stages of growth together with nitrogen level and soil processing influence the plant-microbe association of Azospirillum sp. strain B510 (Sasaki et al. 2010) . A similar study of nitrogen-fixing bacterium A. caulinodans was conducted by Van Nieuwenhove et al. (2000) . The authors found that this bacterium requires an inoculum carrier plant Sesbania rostrata for its long-term survival and greater persistence in the paddy rice rhizosphere. Moreover, the difference of rice varieties has no influence on both survival and nitrogenase activity of this bacterium. However, little is known about the complex community of endophytic and endophytic diazotrophic bacteria that live in association with high-genetic-variation rice landraces cultivated in highland areas.
Molecular techniques based on finger printing data have been applied worldwide for analysis of diverse microbial communities. Among these tools, polymerase chain reaction-denaturing gradient gel electrophoresis (PCR-DGGE) is an acceptable and consistent approach to evaluate the community structures of various microorganisms living in association with rice plants (García de Salamone et al. 2010; Hardoim et al. 2011; Jia et al. 2007) . In this study, we aim to compare the community structures of endophytic bacteria and endophytic diazotrophic bacteria living in different plant tissues of five highland rice landraces at different stages of growth. The 16S rRNA gene was selected for the evaluation of the total bacterial endophytes, while the nifH gene was used for the endophytic diazotrophic bacteria. The finger printing data of both genes were profiled by PCR-DGGE. The influencing factors that affect the bacterial communities within the rice landraces are addressed and discussed in this article.
Materials and methods

Collection and preparation of rice samples
Highland rice landrace-Bue Polo (BP), Bue Pra Taw (BPT), Bue Pra Do (BPD), and Bue Saw Mi (BSM)-were collected from fields farmed without chemical input, except for a cultivar Bue Wah Bo (BWB) that was collected from nitrogen fertilizer-supplied fields (Table 1 ). All rice cultivars were cultivated in a farm at Chom Thong District, Chiang Mai, Thailand. This area was established since 2005, aiming to grow several crops including the rice landraces for household consumption of nearby villagers. The location of each collected site was recorded by GPS (GPS-12XL, Garmin, Kansas, USA). The rice samples were collected in 2010, when the mean of rainfall of Chiang Mai was 1,156 mm with 112 rainy days (data reported by the Thai Meteorology Department in 2010). Four growth stages including pre-planting in April (only mature rice seeds), nursery seedlings in June, vegetative plants in August, and reproductive cultivars in September were sampled. Mature rice seeds were obtained directly from the farmers, while 10 rice plants were randomly taken from the field of each rice cultivar and kept (not exceeding 12 h) in an icebox and transferred to the laboratory, where they were gently washed with tap water and rinsed several times with sterilized water. The rice plant tissues including leaf, stem, and root were excised into 2-3 cm length. The rice grains of the reproductive stage were removed directly from the ear of rice. Each sample derived from 10 plants at the same stage of growth was pooled together and surface sterilized following the method described by Koomnok et al. (2007) .
Extraction of total DNA from plant materials Total DNA was extracted from the surface sterilized tissue of the rice using a modified potassium acetate method (Dellaporta et al. 1983) . Briefly, the rice tissue was ground in liquid nitrogen and transferred into sterilized 1.5-mL microcentrifuge tube. Pre-heated extraction buffer (720 μL) containing 100 mM Tris-HCl, 50 mM EDTA, 500 mM NaCl, and 1.25 % (w/v) SDS was added and mixed before incubation at 65 °C for 20 min. Proteins were precipitated by adding 225 μL of 5 M potassium acetate and cooling on ice for 20 min before the decanting supernatant into a new tube. Remaining protein residue was removed by adding an equal volume of buffer-equilibrated phenol-chloroform-isoamyl alcohol [25:24:1 (v/v/v) ]. The DNA was precipitated by adding an equal volume of cold isopropanol and was washed twice with 70 % (v/v) ethanol. The DNA extraction protocol was repeated 3 times from the same pooled rice tissue. All extracted DNA from the same rice tissue was pooled together and resuspended with 30 μL of TE buffer prior to storage at −20 °C for further DNA manipulations.
PCR-DGGE analyses of 16S rRNA and nifH genes Amplification of a variable region 3 of the 16S rRNA gene was performed using a pair of the universal primers [forward primer 341f (5′-CCTACGGGAGGCAGCAG-3′) with a GC-clamp, and reverse primer 534r (5′-ATTACCGCG GCTGCTGG-3′)] (Muyzer et al. 1993 ). The nifH gene was amplified using a nested PCR (Coelho et al. 2009 ).
At the first step, the amplification was performed with the forward primer FGPH19 (5′-TACGGCAARGGTGG NATHG-3′) (Simonet et al. 1991 ) and the reverse primer PolR (5′-ATSGCCATCATYTCRCCGGA-3′) (Poly et al. 2001a) , generating the PCR products of 429 bp. The second step was performed with the forward primer PolF (5′-TGCG AYCCSAARGCBGACTC-3′) (Poly et al. 2001a ) with a GC-clamp and the reverse primer AQER (5′-GACGATGTA GATYTCCTG-3′) (Poly et al. 2001b ). The PCR products from the same sample were pooled and purified by Gene-JET™ PCR Purification Kit (Fermentas, Lithuania) following the manufacturer's instructions and stored at −20 °C before performing DGGE.
The DGGE was carried out following the manufacturer's protocol of Bio-Rad DCode ® Universal Mutation Detection System (Bio-Rad, Hercules, CA, USA). Briefly, 25 μL of an individual PCR product was loaded on 8 % (w/v) polyacrylamide gel with a linear gradient of 30-70 % denaturant for the 16S rRNA gene and 30-60 % denaturant for the nifH gene (100 % denaturant corresponds to 40 % (v/v) of formamide plus 7 M urea). Electrophoresis was performed at 130 V for 6 h at a constant temperature of 60 °C. Gels were then stained with 0.5 μg mL −1 ethidium bromide for 30 min. The DGGE bands profile was visualized and photographed by GeneFlash Syngene Bio Imaging (Syngene, Cambridge, UK).
Numerical analyses of PCR-DGGE bands profiling data
The DGGE bands profiling data were analyzed in different aspects for investigation of the living bacterial communities associated with the rice landraces. Mathematic parameters that describe the bacterial community in a defined habitat including richness, Shannon-Wiener diversity index, evenness, and stability were computed on the basis of number and relative intensity of the DGGE bands. The mathematical formulae of the indices were explained as following. First, a band was determined as a phylotype of any endophytic bacteria, while the richness of a phylotype was calculated by Eq. (1) using the total difference of DGGE bands present in an individual (Fromin et al. 2002) .
Where d is a richness of the bacterial community in a respective habitat; S is the number of different bands; N is the total number of individuals. The Shannon-Wiener diversity index (H′) was used to determine the diversity impacts of the bacterial community in any defined habitat. The H′ index was calculated by Eq. (2), where P i is the relative intensity of band i (P i = N i /N ; N i , an intensity of band i; N, a sum of all band intensities) (Shannon and Weaver 1963) .
The evenness (E) of the bacterial community is a proportion of the Hʹ index divided by the natural logarithm of the richness (d) of that respective community (Asakawa and Kimura 2008) , which was calculated by Eq. (3).
The stability (S) of the bacterial community was calculated with the formula (4), where P max i is the maximum intensity of band i and n is the number of samples in the profile (Asakawa and Kimura 2008) .
A percent proportion of the endophytic diazotrophic bacteria (N) per total number of the endophytic bacteria (T) in any respective habitat was calculated using a sum of all DGGE bands' intensities obtained from the endophytic diazotrophic bacteria (PN) divided by those obtained from the endophytic bacteria (PT), where n is the total number of all bands present in the profile (v).
Cluster and principal component analyses
The numerical scores of the DGGE bands profiling the research data were also used to compare structural similarity between the bacterial communities that live with the rice landraces using cluster analysis. The percent similarities among the band profiles were calculated using Pearson's correlation coefficient generated by a similarity matrix. An agglomerative hierarchical clustering was performed using the unweight pair group method with an
arithmetic average (UPGMA) and displayed as a dendrogram. The multiple parameters of each band profile comprised of rice plant tissue types, stages of growth and rice cultivars, were presented as a two-dimensional plot by principal component analysis (PCA), using the band intensity data. The two-dimensional plot represented the community pattern of either endophytic or endophytic diazotrophic bacteria within the rice landraces. The new generating axes of the two-dimensional plot were selected by comparing the correlation matrix based on eigenvalues and eigenvectors calculated. The percent variations in the new axes were indicated in the plot diagram. Both cluster and principal component analyses were carried out using an Excel-XLSTAT 2011 program.
DNA and protein sequencings and construction of phylogenetic trees
Representative DGGE bands were selected, marked, and excised from the DGGE gels and transferred to the sterilized 1.5-mL microcentrifuge tube. Thereafter, 20 μL of sterilized distilled water was added into each tube. The tubes were kept at 4 °C for overnight to allow the DNA to passively diffuse out of the gel strips (Prakamhang et al. 2009 ). Eluted DNA was used as a DNA template for the PCR amplification following the same conditions as previously mentioned, but the GC-clamp was removed from those respective primers. The amplicons were ligated into the pGEM ® -T Easy Vector System (Promega, USA). The resultant ligated products were transformed into Escherichia coli JM109 competent cells. The purified plasmid DNAs of selected transformant colonies were sequenced by Macrogen Inc. (Seoul, South Korea). The nifH gene sequences were reverse translated to the protein sequences before alignment. The alignments of both 16S rRNA gene sequences and nifH-derived protein sequences were performed by BLASTN program (http://blast.ncbi.nlm.nih. gov/Blast.cgi). The phylogenetic trees were constructed by the neighbor-joining method using Mega 4 (Tamura et al. 2007) , and confidence levels were estimated for 1,000 replicates.
Comparative study by statistical analysis
Comparisons of multiple means with standard deviations (SDs) obtained from individual mathematic parameters of both endophytic and endophytic diazotrophic bacteria living in association with different rice landraces were performed by nonparametric analysis using the SPSS 18.0 computer program (SPSS, Chicago IL, USA), with one-way analysis of variance (ANOVA) and Tukey's post hoc tests at appropriate significant level of P = 0.05 or lower.
Results
Numerical analysis of bacterial communities living in rice landraces
The bacterial communities within the rice landraces were evaluated based on the PCR-DGGE profiling data. Existence and intensity of each DGGE band were recorded and used for numerical analysis of all community parameters (richness, Shannon-Wiener diversity index, evenness, and stability). These parameters varied depending on the rice cultivar, rice plant tissue, stages of growth, and husbandry conditions of the rice landraces ( Table 2 ). The highest in both the richness and diversity index of both endophytic and endophytic diazotrophic bacterial communities was found in the root tissues of the BPT rice landrace. Higher richness and diversity indices of the endophytic bacteria were found mostly in the root tissues rather than the other rice plant tissues, while these two parameters of the endophytic diazotrophic bacteria were not constant across the rice plant tissues of every rice strain. For the nonparametric statistical comparison was carried out, the means of each mathematic parameter of the endophytic bacteria were not significantly different across the rice landraces (P = 0.0001). However, only the community's stability of the endophytic bacteria derived from any stages of growth of the BPD rice landrace was significantly different (P = 0.05) with the highest mean compared to those other rice cultivars. In case of the endophytic diazotrophic bacteria, all the community parameters obtained from the BWB rice landrace were significantly different (P = 0.001) to those other rice cultivars. The means of most parameters derived from this rice landrace were lower than those of the others except for the community's stability was uniformly high.
Ratios of the endophytic diazotrophic bacteria per total number of the endophytic bacteria in any conditions tested were quantified on the basis of the DGGE band's intensity ( Table 2 ). The means of the percent proportion obtained during the cultivation periods across the rice landraces were relatively high (40.99 ± 16.20-91.68 ± 7.18 %) except for the BWB rice landrace, which showed the lowest percentage proportion of 14.33 ± 4.97-29.89 ± 23.38 %. These mean percentages found across the different stages of growth in the individual rice cultivar were not considered significantly different (P = 0.0001). However, these means percentages of the BWB rice landrace were significantly lower (P = 0.01) when compared to the other rice landraces in any stages of growth.
Community structures of bacterial endophytes in rice landraces
The DGGE bands profiling data of both bacterial communities which live in association with the rice landraces examined in this study were clustered using UPGMA (Fig. 1 ). There were 3 dominant DGGE bands of the endophytic bacteria found in all rice plant tissues obtained from every stages of growth (Fig. 1a) . The % similarities of the endophytic bacterial communities were in the range of 34.88-95.55 %, which were categorized into seven clusters. The community structures derived from root tissues of the BPT rice landrace (cluster V) and BSM (cluster VII) grown in reproductive stage revealed unique molecular fingerprints, which separated them from the others. The endophytic bacteria within the BP rice landrace showed similar community structures, belonging to cluster II (Fig. 1a) . Most of the band profiles across the different rice plant tissues or stages of growth within the same rice cultivar exhibited higher % similarities (similarity indices ≥80 %). Contrary to those observations, across the same rice plant tissues or stages of growth but looking at different rice cultivars, % similarities were much lower. For example, in cluster III (Fig. 1a) , the community structures of the endophytic bacteria found in root and stem of the BPT rice landrace grown in nursery stage exhibited a relatively high similarity of 82.60 %. Similar observations were also found in cluster II (Fig. 1a) where the community structure found in stem of BPD rice landrace at nursery stage showed high similarity to those found in leaf at reproductive stage (95.55 %) and grain (88.24 %) of the same rice landrace.
In case of the endophytic diazotrophic bacteria, no dominant DGGE band was observed in all 3 clusters analyzed (Fig. 1b) . Their % similarities were in the range of −1.77 to 100 %, while the high similarities (≥80 %) within the same rice cultivars could be found frequently in all clusters. However, it was clearly demonstrated that most of the community structures derived from the BWB rice landrace were separated from the others and clustered in clusters II and III (Fig. 1b) . These 2 clusters were obviously different to cluster I, supported by low % similarity of 18.95 %.
The community structures of both bacteria were also viewed two-dimensionally by PCA (Fig. 2) . The overall variances of data plots based on the DGGE band's intensity of these bacterial community structures influenced by the environmental factors were depicted in percent variances of axes F1 and F2. The percent variances were ranged varied depending on the rice cultivars, where F1 (49.24-59.39 %) and F2 (8.40-14.33 %) were found in the endophytic bacterial community, whereas F1 (32.29-65.26 %) and F2 (14.76-23.44 %) were found in the endophytic diazotrophic bacterial community. The community structures of the endophytic bacteria were similar across the rice landraces as the data plots were located more tightly in the graphs compared to those of the endophytic diazotrophic bacteria that exhibited a straggly distribution pattern (Fig. 2) . 
Phylogenetic evaluation of bacterial endophytes in rice landraces
The representative DGGE bands of both bacterial endophytes derived from the rice landraces (Fig. 1a, b) were sequenced to determine their phylogenetic relationships and identifications. Most selected band sequences of the 16S rRNA gene were matched to the uncultured bacteria, while some of them revealed phylogenetic relationship between Pseudomonas and Klebsiella (Table 3 ; Fig. 3 ). The band sequence A11-4 showed 100 % identity to the sequence of Pantoea sp. A1128, which is only a 16S rDNA sequence that has the origin from rice paddy soil (Table 3 ). The same endophytic bacterium was found in root (band sequences A10-8; HE860550) and leaf (band sequences A2-7; HE860547) of the BPD rice landrace grown in nursery stage (Fig. 1a) . These two band sequences were closely related to the same uncultured bacterium supported by the sequence similarity of 95 and 100 % ( Table 3 ). The band sequences A1-4, A11-3, P2, and P7 derived from different rice plant tissues of the rice landraces grown in various stages of growth (Fig. 1a) were clustered in the same phylogenetic cluster with the uncultured bacteria. These bacteria have their origins from pond water and the herbivorous freshwater fish, Ctenopharyngodon idellus (Table 3 ). The band sequences P1 (HE860534; from mature seed) and P6 (HE860538; from stem of vegetative stage) of the BP rice landrace (Fig. 1a) were clustered in the same phylogenetic clade (Fig. 3 ), which were closely related to the uncultured bacteria living in root and rhizosphere of grasses. For the endophytic diazotrophic bacteria, most of the band sequences were also closely related to the uncultured bacteria. However, the other sequences revealed higher varieties of matched genera (Novosphingobium, Pelomonas, Herbaspirillum, Enterobacter, Klebsiella, and Spirochaeta) than those of the endophytic bacteria (Table 3 ; Fig. 4 ). The band sequences 3-1 and 3-2 derived from preplanting mature seed and reproductive roots of the BP rice landrace were clustered in the same phylogenetic clade with endophytic Herbaspirillum sp. B501 (Table 3 ; Fig. 4 ). This was evidence to ensure that the band sequences were derived from the bacterial endophytes. The same bacterium Enterobacter sp. was also found in root of rice at reproductive stage (band sequences 17-5) and grain (band sequences 17-3) of the BPT rice landrace ( Fig. 1b; Table 3 ). This was in contrast to the same bacterium but found in different rice landraces such as the band sequences 24-1 (JX042298; from the BPD rice landrace) and 24-4 (JX042299; from the BSM rice landrace) that were matched to Novosphingobium nitrogenifgens ( Fig. 1b; Table 3 ). This band sequence 37-1 (JX042307) was closely related to the sequence of an uncultured bacterium (98 % identity), which was the only a sequence found with its origin from roots of O. officinalis (Table 3 ). The other two band sequences 31-4 (JX042302) and 37-8 (JX042308) were closely related to the sequences of the uncultured bacteria from the rhizosphere samples (Table 3) . The 16S rRNA and nifH genes were taken from any rice plant tissues of landrace rice cultivars Bue Polo (BP), Bue Pra Taw (BPT), Bue Pra Do (BPD), Bue Saw Mi (BSM), and Bue Wah Bo (BWB) grown in any stages, which were further profiled by PCR-DGGE where the DGGE bands profiling data were used to analyze numerical parameters comprised of richness (d), diversity index (Shannon-Wiener index: H′), evenness (E), and stability (S). The results indicated with (-) are incomputable mathematics In addition, using this phylogenetic tree (Fig. 4) , it was able to visualize 5 phylogenetic clades, including α-, β-, γ-, and δ-Proteobacteria and Spirochetes. Most of the band sequences were belonged to clade II of β-Proteobacteria followed by clade III of γ-Proteobacteria.
Discussion
Within this study, the community structures of bacterial endophytes within every plant tissue examined from the highland rice landraces grown in different stages of growth exhibited similarities but also dissimilarities depending on either environmental factors relating to the cultivating practices or the varieties of the rice landraces.
These factors can affect the interactions, colonization traits, survival, and distribution of the bacterial endophytes living in the rice plant tissues (Hardoim et al. 2008; Knief et al. 2012; Mano and Morisaki 2008) . In general, high diversity of bacteria has been found in soil, especially in rhizosphere habitats, where plants release root exudates and mutually beneficial nutrient exchange between host plant and microorganisms takes place (Bais et al. 2006; Hardoim et al. 2011; Li et al. 2008; Roesch et al. 2008; Sessitsch et al. 2012) . It was in accordance with our observations that the community's richness of endophytic bacteria examined was higher in root tissues than those other tissues of most rice cultivars. However, it was a different picture when endophytic diazotrophic bacteria were examined, as their richness values were relatively low and varied across the rice plant tissues.
The diversity indices of both bacterial groups found in the rice plant tissues also had a similar trend in terms of their richness values. Some authors assumed that lower diversity of the endophytic diazotrophic bacteria within wild rice cultivars might due to the genetic variation in the rice (Elbeltagy and Ando 2008; Engelhard et al. 2000) . However, high density of the endophytic diazotrophic bacteria was found in nitrogen-poor environment where more than 50 % of the endophytes were diazotrophic bacteria (Sessitsch et al. 2012 ). In our study, the proportions of the endophytic diazotrophic bacteria per the total endophytic bacteria were relatively high (>40 %) with no significant different in most of the rice landraces, except for the BWB rice landrace that revealed significantly lower values. This might strongly relate to the difference of agricultural practices, where the BWB rice landrace was supplemented with nitrogen fertilizer at the nursery stage of growth (Table 1) . There are some evidences suggested that the use of chemical input in rice paddy soil, particularly for the nitrogen fertilizer, can influence the population, diversity, function, and host-interaction of nitrogen-fixing bacteria with their mutual rice plants (Prakamhang et al. 2009; Wartiainen et al. 2008) .
The results derived from cluster analysis and PCA also ensured that the community structures of the endophytic bacteria in any rice landraces tested revealed higher similarity and stability than those of the endophytic diazotrophic bacteria. According to the multiple parameters involved, these two cultivation techniques could have a significant impact upon the whole picture of the bacterial community structures. However, a better understanding of the bacterial community in generic and/or species levels was needed to provide greater resolution of this complex bacterial consortium and its agricultural significance. This has been partly addressed, by the molecular sequencing tools applied in this study. Here, we selected the representative DGGE bands for bacterial identification. The 16S rDNA fragments were closely related to uncultured bacteria, some of them were related to Pseudomonas sp., Pantoea sp., and Klebsiella sp., which are members of the γ-Proteobacteria. This bacterial phylum has been found currently in association with Fig. 3 Unrooted phylogenetic tree of 16S rRNA gene sequences respective to the marked bands present in the DGGE bands profile (Fig. 1a) . Bootstrap analysis was based on 1,000 replicates. Neighborjoining tree and the scale bar represent 5 % dissimilarity, where the accession numbers of the sequences are indicated in the parentheses rice plant and paddy soil either in symbiotic (ReinholdHurek and Hurek 2011; Sun et al. 2008; Takahashi et al. 2011) or in free-living patterns (Sooksa-Nguan et al. 2010; Tago et al. 2011) . Previous studies concerning the endophytic bacteria of rice reported that the Proteobacteria are the dominant bacteria found in association with rice plant (Hardoim et al. 2011; Knief et al. 2012; Reinhold-Hurek and Hurek 2011; Sessitsch et al. 2012) . Some isolates of Actinobacteria, Firmicutes (Reinhold-Hurek and Hurek 2011), Bacteroidetes, and Deinococcus-Thermus phyla (Knief et al. 2012 ) have previously been found in relation to rice plants. In the case of the endophytic diazotrophic bacteria, most of our isolates belonged to the Proteobacteria, mainly in the β-Proteobacteria. Interestingly, some members of the phylum Spirochetae living in association with the rice landraces were firstly reported in this study. Nonetheless, some members of this bacterial phylum play an important role in nitrogen fixation, as evidence revealed that some Spirochetes, either living in termite hindguts or free-living in freshwater, can fix nitrogen through the nifH homolog genes (Lilburn et al. 2001) . It was clear from this study that the endophytic bacterial communities across the highland rice landraces revealed flexibility of phenotype and genotype depending on various factors, including different rice cultivars that possess high genetic variation, cultivation processes with natural farming, and/or supplied with chemical inputs. An apparent result of different treatments by supplying nitrogen fertilizer ensured the dissimilarity of the bacterial community structures, which decreased the community's richness and Fig. 4 Unrooted phylogenetic tree of nifH-derived protein sequences respective to the marked bands present in the DGGE bands profile (Fig. 1b) . Bootstrap analysis was based on 1,000 replicates. Neighborjoining tree and the scale bar represent 5 % dissimilarity, where the accession numbers of the sequences are indicated in the parentheses. The phylogenetic tree was divided into five different clades, including α-Proteobacteria (I), β-Proteobacteria (II), γ-Proteobacteria (III), δ-Proteobacteria (IV), and Spirochetes (V) diversity of nitrogen-fixing bacteria. However, the results in this study indicated that both endophytic and endophytic diazotrophic bacteria could exist in the rice various tissues examined and were distributed according to the growth practices of the rice plants. Moreover, some of them might exist in the mature seeds and persist even in the post-harvest stage. These endophytic bacteria of the rice landraces might be an important key to maintain yield and health of the rice plants in poor or deficient farming condition. Application of this plant-microbe interaction data, particularly in case of endophytic diazotrophic bacteria, might be an alternative way to reduce chemical usage and at the same time improve soil quality and sustain an organic farming system for future agricultural husbandry of rice.
